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Abstract

Background: Obesity has become a significant health concern in recent decades, characterized by increased body
fat. This study aimed to compare the effects of circuit and traditional resistance training on serum calprotectin levels
in obese men.

Methods: A pre-test-post-test design was used with thirty-three sedentary young obese men (age 21.33+2.49 years,
weight 92.23+14.39 kg and BMI 30.71+4.63 kg/m?) who were randomly divided into two groups: experimental and
control. The experimental group underwent a 12-week periodized resistance training program consisting of three
sessions per week, gradually increasing in intensity from 50% to 80% of their one-repetition maximum (1RM)
using a wave pattern. Resting serum calprotectin levels were measured before and after the intervention. Data were
analyzed using analysis of variance (ANOVA) and paired sample t-tests, with statistical significance at p < 0.05.

Results: Both periodized circuit and traditional resistance training resulted in increased plasma levels of
calprotectin compared to the control group (p = 0.001). Additionally, the periodized circuit resistance training group
demonstrated a greater increase in plasma levels of calprotectin than the traditional resistance training and control
groups (p =0.01).

Conclusion: These findings suggest that twelve-week periodized circuit and traditional resistance training programs
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can effectively increase calprotectin levels in obese men.

Highlights

e Obesity is one of the most severe health problems associated with
inflammation.

e Periodized circuit and traditional resistance training affected the
calprotectin levels of obese men.

e Periodized circuit resistance training had more significant effects than
traditional resistance training on inflammation markers.

Introduction

Obesity is a significant risk factor for hypertension, type II diabetes,
hyperlipidemia, insulin resistance, and coronary artery disease (1). Obesity could
be identified by chronic inflammation (2). Chronic inflammation constantly
generates an initial pro-inflammatory immune response by developing the
adipose tissue during Long-term obesity (3). Researchers believe that metabolic
inflammation caused by macrophages plays a key role in insulin resistance.
Adipose tissue macrophages could be converted from an anti-inflammatory range
to widespread inflammatory factors. Anti-inflammatory cytokines, including
interleukin 10 (IL-10) and calprotectin, regulate inflammatory and immune
responses (4). A significant amount of calprotectin is released with the activation
of neutrophils and the adhesion of monocytes to the endothelium (5, 6).

Studies have shown a significant increase in the plasma levels of calprotectin
in some inflammatory diseases, which causes the protein to be considered a
suitable marker for inflammatory processes (7). Obesity and type II diabetes are
often characterized by increased calprotectin concentrations in the plasma and
urine (8). A sedentary lifestyle and obesity also lead to mild chronic inflammation
and increased levels of inflammatory markers in plasma (9).

Lifestyle modification and increasing nutritional knowledge among women
using appropriate methods reduce the prevalence of obesity (10). Physical
activity seems to prevent the rise of inflammatory markers appropriately. In this
regard, resistance training has been recommended to establish physiological
adaptations and prevent the rise of inflammatory markers (11). long term
traditional resistance training could affect the inflammatory factors involved in
the metabolic syndrome (12). On the other hand, circuit resistance training is
designed to have the characteristics of resistance training and challenge the
aerobic energy system. As a result, they affect different body functions, stimulate
various enzymes, and change the serum levels of these enzymes (13, 14).

Moreover, physical activity (e.g., resistance training) may induce significant
hormonal, physiological, immunological, and metabolic changes in the body,
affecting the immune system markers (15).

While the mechanism of the effectiveness of resistance training is not
generally clear, it could be stated that resistance training alters the production of
inflammatory and anti-inflammatory cytokines and improves insulin resistance,
depending on the intensity of the training. Accordingly, there are solid logical
reasons for attention to resistance training to prevent or treat obesity (16). Olsen
et al. (2007) showed that resistance training could reduce the inflammatory
indices in overweight women (17). Furthermore, in a study by Aile et al. (2017),
resistance training improved the enzymatic markers of the liver in obese men
(18). In another research, Fagerhol et al. (2005) observed a significant increase
in the plasma levels of neutrophil-derived calprotectin after intense physical
exercises. In addition, they reported a significant correlation between the increase
in calprotectin levels and the duration of competitions (19). Mehrabi et al. (2016)
also showed that circuit resistance training decreases inflammatory indices,
causing metabolic and immune function disorders after the intervention (20).

The present study aimed to determine the effects of two types of resistance
training on the serum calprotectin levels of obese men. Does circuit resistance
training protocol have different effects on inflammatory indices in obese men
compared to traditional resistance protocol?

Methods

Participants

This applied, quasi-experimental study was conducted with a pre-test-post-test
design. The subjects included sedentary young men (17-23 years) living in
Semnan, Iran, who had no regular physical activities within the previous six
months. After an announcement, voluntary participants completed their disease
history, demographic characteristics, and level of physical activity questionnaire.
Informed consent was also obtained from the participants.

Thirty-three subjects were selected via random sampling and divided into
three groups (n=11), including two experimental groups and a control group. The
inclusion criteria of the study were as follows: 1) age of 17-23 years; 2) no regular
physical activities within the past six months; 3) no developmental and motor
disorders; 4) no cardiovascular diseases and 5) male gender. The exclusion
criteria were unwillingness to participate and absence in more than one session
in the training protocols. The present study was approved and registered by the
Ethics Committee of Mazandaran University (IR.UMZ.REC.1399.017) and the
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Iranian Clinical Trial Center (IRCT) with the code IRCT20180928041160N2.

The nutritional status of the subjects was monitored before the pre-test and
post-test, which may affect some of the measured factors. Pre-test measurements
included anthropometric parameters (height, weight, fat thickness, BMI, body fat
percentage, and lean body mass) and one-repetition maximum (1RM) determined
in the selected exercise a week before the main protocols. Notably, IRM was
determined to monitor the intensity of the training and familiarize the subjects
with exercises. The training protocol was performed based on the new 1RM for
the second and third stages to apply the overload principle.

Training protocols

The Training protocol was a 12-week resistance training program (Circuit and
traditional resistance training) in three weekly sessions, which continued in three
stages (four-week). Training intensity was 50-80% 1RM, three sets/circular, 8-24
repetitions, and 8-14 exercises, respectively (Leg press, bench press, step up,
incline bench press, Lat pull down, crunch, lunges, shoulder press, leg curl, seated
row, leg extensions, reverse fly, knee hip raise on parallel, and barbell curl) with
a wave pattern. The intensity variable that determined the quality of each training
session was selected based on various references to choose the most appropriate
training intensity for high metabolic pressure and affecting metabolism. The
exercises had to be performed with proper intensity for maximum effectiveness
(21, 22) (Figure 1).

anthropometric
measurements Pre-test Preparation Stage | special stage special stage Postest
' Y Weeks 1-4 Weeks 5-8 Weeks 9-12

e+

Intensity 50 55 60 35 60 65 0 65 07 80 T

Reps ¥nwu2n 20 18 518 5 128 1
Exercise 3 8 10 10 0 10 121 124y

Figure 1. Exercise protocol stages

The training volume in the two protocols was changed in the same way in

different stages by changing the number of exercises performed in the sessions
and different exercise orders.
Accordingly, the selected exercises ordered large-to-small muscles. On the other
hand, the exercises were selected from multi-joint and single-joint exercises for
each group. The multi-joint exercises were initially performed, and the single-
joint exercises were performed afterward.

Before the second special stage, a new 1RM was determined for the second
stage to apply the overload principle. In the first four weeks of the special
exercises, three sets of 10-12 exercises were performed at 60-70% 1RM intensity
with 15-20 repetitions for three weekly sessions with a wave pattern. The exercise
volume and intensity increased in the seventh week by adding exercises.

In the Traditional exercises, the rest interval between the sets and exercises
was 90 seconds and three minutes, respectively. In the circuit training, the rest
interval between each circuit was three minutes during the entire training period.
Before the third stage, a new 1RM was performed to apply the overload principle.
The training protocol continued in three sessions per week with a wave pattern.
In addition, 12-14 exercises were performed at the intensity of 70-80% 1RM in
three sets with 8-15 repetitions in the form of two resistance protocols. In the
seventh week, a shock was introduced to the intensity and volume of the exercises
so that the physiological responses to the exercise episodes would not be flat.
This arrangement was equal for the traditional and circuit resistance training
protocols, and the only differences were the rest interval between the sets, the
exercises in the traditional protocol, and the rest interval between each circuit in
the circuit resistance protocol.

Blood samples were obtained in a fasting condition. Six milliliters of blood
were collected from the anticoagulant vein. The blood samples were centrifuged
at 3,000 rpm/min (1,000 g) at room temperature for 15 minutes. The serum
samples were preserved at -80°C until sent to the laboratory. At the end of the
training, blood samples were obtained from the participants again. Calprotectin
levels were measured using an ELISA kit following the instructions of the
manufacturer (COD number).

Data analysis was performed using descriptive statistics (mean and standard
deviation) and Analytical statistics, including the Kolmogorov-Smirnov test to
assess the normal distribution of the data, Levene's test to determine the equality
of the variances, analysis of variance (ANOVA), One-way ANOVA, and paired
sample t-test.

Results

In the current study, the twelve-week circuit and traditional resistance training
significantly increased calprotectin serum levels in young obese men (P=0.001).
Furthermore, the results indicated a significant difference in calprotectin serum
levels between the circuit and traditional resistance training groups (P=0.01).
(Table 1) shows the mean demographic variables of the participants in three
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groups. According to (Table 1), the three study groups had no significant
differences in demographic characteristics.

The composite ANOVA of the three (groups) x two (test stages) was used to
evaluate the effects of the training protocols on calprotectin levels. According to
the results, the test stages had a significant effect (F1.0, 30.0=121.29; P=0.00001;
n2=0.80). Moreover, the effect of the test stages was significant in association
with the group factor (F2.0, 30.0=69.86; P=0.00001; 12=0.82). However, the
main effects were disregarded due to the significance of the interactional effects
(test stages x group). One-way ANOVA was used to evaluate the performance of
the two groups in the pre-test and post-test stages.

Table 1. Distribution of demographic characteristics of participants and analysis of
variance test results

Features Control Circuit Traditional Total F P
group resistance resistance value value
group group
Subject N=11 N=11 N=11 N=33 - -
Age (years) 212 21.8 20.9 21.3 0.78 0.67
+2.67 +2.97 +1.84 +2.49
Height (m) 173.3 172.6 175.6 173.8 0.85 0.88
+7.8 +6.54 +5.24 +6.52
Weight (kg) 91.5 91.3 93.8 92.2 1.12 0.52
+17.47 +13.81 +11.89 +14.39
BMI 30.4 30.8 30.8 30.6 0.46 0.93
(kg/m2) +4.7 +4.37 +4.84 +4.63

No significant difference was observed between the circuit and traditional

training groups and the control group at the pre-test stage (P=0.08). However, a
significant difference was seen between the three groups at the post-test stage
(P=0.001). The Bonferroni test was used to determine the difference in the
performance of the three groups, and the results indicated a significant difference
between the circuit and traditional resistance training groups in this regard
(P=0.01). Considering the difference of means (4.05), the performance of the
circuit resistance training group was greater than the traditional training group.
Furthermore, a significant difference was observed between the circuit resistance
training and control groups (P=0.001). Based on the difference of means (12.64),
the performance of the circuit resistance training group was superior to the
control group. A significant difference in performance was also denoted between
the traditional training and control groups (P=0.02). Considering the difference
of means (8.68), the performance of the traditional training group was superior
to the control group. At this stage, paired sample t-test was used to evaluate the
intragroup effects in each group separately (Table 2).
According to (Table 2), the dependent t-test results indicated progress in the
circuit (P=0.0001) and traditional resistance training groups (P=0.001) regarding
calprotectin levels at the pre-test stage (Figure 2). However, no significant
difference in calprotectin levels was observed in the control group.

Table 2. Dependent T-test results of each group at Pre-test and Post-test stages

Features Mean+SD Pre-test and Standard t value Degrees P
post-test deviation of value
Pre Post difference error freedom
Test Test
Circuit 69.61 83.15 12.64 2.03 6.13 10 0.0001
resistance +8.68 +4.56 +6.73
group
Tradition 71.78 77.10 6.76 0.69 9.73 10 0.001
al
resistance +3.24 +3.21 +2.30
group
Control 63.80 69.79 2.03 1.70 192 10 0.83
group +6.12 +4.49 +2.93
W Pre OPost
100 *
=5 S0 *
£ 80
2 70
g b0
k3] 50
% 40
= 30
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(0]
circuit Traditional Control
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group group
GROUP

Figure 2. Calprotectin levels in study groups at pre-test and post-test stages
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Discussion

The present study aimed to evaluate the effect of 12 weeks of circuit and
traditional resistance training on calprotectin levels in obese men. According to
the results, the 12-week circuit and traditional resistance training programs
significantly affected the calprotectin levels. Moreover, the performance of the
circuit resistance training group was superior to the traditional resistance training
group.

In the current research, calprotectin plasma levels significantly increased in
young obese men in response to the intervention. A literature review revealed that
no other research has used these protocols. Therefore, limited evidence is
available regarding the effects of long-term circuit resistance training and
traditional resistance training on calprotectin levels. In another research, Fagerhol
et al. reported a significant increase in the calprotectin levels derived from
neutrophils after long-distance running (19). Similarly, Azarmehr et al. evaluated
the effects of circuit resistance training on the inflammatory responses of obese
men (23). In the mentioned study, 17 obese men (BMI>30 kg/m2) were selected
and divided into two groups. The circuit resistance training program included
eight stations with increasing intensity (65% to 85% 1RM). Body composition,
the plasma levels of chemerin, and C-reactive protein (CRP) were measured
twenty-four hours before and forty-eight hours after the protocol. According to
the results, circuit resistance training improved the participants' body
composition, thereby decreasing the plasma levels of chemerin and CRP (23).

Takahashi et al. assessed calprotectin concentrations at different sports levels
and reported no significant changes in the calprotectin concentrations in most
sports levels (24). This finding could be attributed to the shorter duration of
training in the mentioned study. According to these scholars, exercise duration
had the most significant effect on the changes in the active markers of leukocytes
compared to training intensity (24).

Inflammatory processes originate from the adipose tissue, are abundantly
found within the adipose tissue, and cause the production of various Cytokines.
Calprotectin is one of the cytokines that has recently attracted the attention of
researchers. Exercise is believed to reduce the levels of some pro-inflammatory
and inflammatory cytokines, such as IL-6, TNF-a, and CRP (4). In the adipose
tissue of obese individuals, pro-inflammatory cytokines (e.g., calprotectin) could
cause extensive proliferation in the adipose tissue via paracrine signaling, thereby
impairing the regulation of adipocytokines (25).

High calprotectin levels correlate directly with BMI, visceral fat, white blood
cell count, and subcutaneous fat (26). Calprotectin is known to be actively
secreted from the phagocytes into the bloodstream in response to an external
stress stimulus (e.g., training), and high serum levels of this protein are associated
with inflammatory disorders such as acute coronary syndrome and autoimmune
diseases (27). Since neutrophil cells are the primary source of plasma
calprotectin, and some researchers have reported increased leukocytes after
intense physical activity, prolonged exercise is expected to increase calprotectin
levels as a pro-inflammatory cytokine (28).

In order to justify the mechanism of the effects of resistance training on
calprotectin levels in obese individuals, the effects of exercise on modulating fat
stores, insulin activity, and general metabolism of the body should be mentioned;
resistance training may have a positive effect on these parameters. Furthermore,
exercise may play a pivotal role in reducing the concentration of pro-
inflammatory agents and inflammation after exercise by improving glucose
metabolism and insulin resistance and stimulating glucose uptake into the
muscles.

In line with our findings, Fico et al. reported that acute exercise might reduce
the transient inflammatory responses in the plasma as opposed to moderate
exercise (25). In addition, plasma calprotectin increases with moderate-intensity
exercise, indicating an inflammatory response. In another study, Vosugh
evaluated the effects of eight weeks of aerobic training on the plasma calprotectin
levels of 13 overweight postmenopausal women (29). The intervention consisted
of twenty-four aerobic training sessions, which were performed in eight weeks at
the intensity of 40-80% HRmax, and the duration of each session was 25-45
minutes. According to the study results, training increased calprotectin levels in
overweight postmenopausal women. Furthermore, no significant correlations
were observed between the insulin content, insulin sensitivity index, and
calprotectin plasma levels (29).

The main limitation of the present study was the small sample size.
Therefore, it is recommended that further investigations be conducted on larger
sample sizes.

According to the results of the present study, a 12-week intervention course
of the circuit and traditional resistance training affected the calprotectin levels of
obese men. However, circuit resistance training had more significant effects than
traditional resistance training.

Conclusion

According to the findings of this study, a 12-week periodized circuit resistance
training and traditional resistance training can be effective on calprotectin levels
in obese men.
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